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Brief Background

• Historically, the main region of concern for RPV fluence has 
been the beltline region.

• With the continuing trend of plant life extension and power 
uprates at nuclear power plants in the U.S., there is growing 
concern about fluence levels in regions outside the beltline 
and in reactor vessel internals.

• Calculation of fluence levels outside the beltline region may 
be subject to phenomena that are not important for beltline 
region fluence calculations.  Hence, the guidance in RG 
1.190 may not be adequate for fluence calculations outside 
the beltline region.
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What is the “Beltline Region”?
• Section II.F of 10 CFR Part 50, Appendix G, defines the 

beltline region as 

“The region of the reactor vessel (shell material including 
welds, heat affected zones, and plates or forgings) that 
directly surrounds the effective height of the active core 
and adjacent regions of the reactor vessel that are 
predicted to experience sufficient radiation damage 
to be considered in the selection of the most limiting 
material with regard to radiation damage.” 
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What is the “Beltline Region”?
• Section III of Appendix H (“Reactor Vessel Material 

Surveillance Program Requirements”) of 10 CFR Part 50 
requires that reactor vessels for which the peak neutron 
fluence at end of the design life of the vessel exceeds 
1017 n/cm2 (E > 1 MeV) must have their beltline materials 
monitored by a surveillance program complying with 
ASTM E185, as modified by Appendix H. 

• The NRC has used a fluence value of 1017 n/cm2 (E > 1 MeV) 
to define the extent of the RPV beltline (NUREG-1511, 
“Reactor Pressure Vessel Status Report,” Section 2.3). 
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What is the “Beltline Region”?

• Integrity of reactor pressure vessels in nuclear power plants: 
Assessment of irradiation embrittlement effects in reactor 
pressure vessel steels (IAEA Nuclear Energy Series, 2009) 
refers to the beltline as

“the region of shell material directly surrounding the 
effective height of the fuel element assemblies, plus an 
additional volume of shell material both below and above 
the active core, with an EOL fluence of more than 
1021 m−2 (E > 1 MeV).”          (1017 n/cm2) 

• Note that this is consistent with NUREG-1511.
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Typical EOL Neutron Fluences

• Chapter 12 of Nuclear Power - Control, Reliability, and Human 
Factors (Pavel V. Tsvetkov, Editor) states that typical end-of-life 
(EOL) design neutron fluences are 

on the order of 1018 n/cm2 for BWRs          
and on the order of 1019 n/cm2 for PWRs.

The IAEA Nuclear Energy Series reference lists values of 
4    x 1018 n/cm2 for BWRs, 
4    x 1019 n/cm2 for Westinghouse PWRs, and 
1.2 x 1019 n/cm2 for B&W PWRs. 

The PWR fluence values are noted as corresponding to a lifetime 
of 32 EFPY (1.01 x 109 s). No lifetime is noted for BWRs. 
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Topics for Today

• RG 1.190 discusses two fundamental methods of neutron 
flux calculations:  deterministic (discrete ordinates) and 
stochastic (Monte Carlo).

• Deterministic calculations have been used for decades to 
obtain ‘global’ neutron flux solutions based on a transport 
model that is discretized in space, energy, and angle.  
Extensive studies have been performed to assess the 
sensitivity of RPV neutron flux calculations to each of these 
discretized variables.  These studies have led to 
recommendations on multigroup cross-section libraries, 
angular quadrature schemes, and spatial discretization 
methods.
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Topics for Today

• Because RG 1.190 addresses methods for calculating RV 
fluence within the beltline region, its recommendations may 
not be adequate for RV fluence predictions at locations in an 
‘extended beltline’ environment.  

• Today we’ll examine some of the discretization effects that 
may pose problems for ‘extended beltline’ analyses.
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Topics for Today
• The topics we’ll discuss are:

1) An overview of transport methods (deterministic, 
stochastic, and hybrid)

2) Quadrature effects in locations outside the beltline region

3) Multigroup library effects (VITAMIN-B7 and BUGLE-B7); 
comparison of Monte Carlo results with continuous energy 
(CE) and multigroup (MG) physics treatments

4) Some considerations concerning fluence and/or dpa
calculations in reactor vessel internals (RVI)

We’ll also present a brief overview of current work within the 
CASL project to streamline the analysis of RV fluence using 
an integrated code suite.


